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Abstract 
Globalization and its inherent need to be highly connected lead to increasing application of information technology in business practice. Business 
Intelligence, Enterprise Resource Planning, Application Development, Cloud Computing and Customer Relationship Management have currently 
been rated to be the most important trends in this context. By using SWOT analysis, the paper presents potential ways to improve traditional and 
agile product development approaches by means of hyperconnectivity. For that, we assume two organizations (one developing products 
traditionally and another one developing products in an agile way), firstly, in a connected and, secondly, in a hyperconnected environment. The 
results show strategical improvement potentials towards a more extensive usage of hyperconnectivity in product development. Consequently, 
hyperconnectivity is both the pain and the medicine 
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1. Introduction 
Typically, a lot of information about the product exist in 
companies (technical knowledge, best practices, stakeholder 
requirements, etc.). However, often, for instance, employees in 
need of specific information are not aware that somebody else 
within the same organization may already know this. Allover, 
combining decentralized information most likely generates new 
knowledge that can be beneficial for product development as 
well. Especially in dynamic and unpredictable environments, 
communication becomes, hence, highly important for 
companies to survive. Hyperconnectivity as an umbrella term 
that covers information technology such as Business 
Intelligence, Cloud Computing or Customer Relationship 
Management (CRM) can potentially boost both effectiveness 
and efficiency in product development by optimizing the way 
human or machine instances communicate with each other. 
Consequently, hyperconnectivity in product development is 
about exploiting existing information and exploring new 
knowledge by means of information technology. 
  
While there is a clear trend to a higher degree of 
connectedness, it is very likely that the company's environment 
becomes hyperconnected in the future. "[…] over the past 
decade, the world has become increasingly 'hyperconnected.' 
We live in an environment where the Internet and its associated 
services are accessible and immediate, where people and 
businesses can communicate with each other instantly, and 
where machines are equally interconnected with each other. 
The exponential growth of mobile devices, big data, and social 
media are all drivers of this process of hyperconnectivity. 
Consequently, we are beginning to see fundamental 
transformations in society."[1] 
Product development standards such as traditional waterfall 
and agile development have pros and cons that strategically 
spoken refer to strength and weaknesses of a company. 
Furthermore, the company's environmental conditions (market, 
technology, etc.) provide both opportunities and threats. As 
weaknesses and threats can make a company vulnerable in a 
competitive environment, the paper investigates (a) how the 
application of hyperconnectivity can help companies to turn 
weaknesses into strengths and (b) how opportunities and threats 
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may change when the environment is hyperconnected. For that, 
we perform Strengths, Weaknesses, Opportunities and Threats 
(SWOT) Analysis for two common product development 
approaches, namely traditional waterfall and agile development 
paradigms [2]. 
Being hyperconnected within the company is an internal, 
strategic choice. Thus, the paper performs SWOT analysis in 
two scenarios. At t0 both the company and the environment is 
connected, but not hyperconnected. At t1' the environment has 
become hyperconnected and the company chose to apply 
hyperconnecting information technology, too (see Fig. 1). 
 
Fig. 1. Becoming hyperconnected is a company's choice. 
To evaluate strengths, weaknesses, opportunities and threats, 
we assume a moderate dynamic market that has on average a 
medium premium, medium product uniqueness, medium 
market size, and refers, consequently, rather to mass 
customization than to commodities or custom-built products 
(see Fig. 2). For instance, cars, computers, furniture and clothes 
fall into this market category. Market segments are neglected, 
as conditions might be very different to the main market. Under 
these circumstances both development approaches have a 
reasonable right to exist which makes it easier to draw 
comparisons between traditional and agile approaches in 
subsequent analysis. Furthermore, we assume the company's 
objective to stabilize or grow in the market and to maximize 
profits. 
 
Fig. 2. Context factors: Assumptions for SWOT evaluation. 
2. Product development approaches 
Traditional product development (TPD) such as the waterfall 
or V-model is plan-driven and heavily front-loaded. While the 
product is perceived as fully predictable and the customer 
expected to specify the product in detail, the entire development 
project is planned prior to project execution. Traditional 
product development is process-orientated and mainly linear, as 
only few and long iterations exist in the process. A centralized 
instance leads the project team through command-and-control. 
Since communication relies strongly on formal channels, also 
knowledge exchange occurs in an explicit rather than tacit way, 
which makes the project very bureaucratic. Consequently, 
reporting directs relevant information to the centralized 
instance that monitors and controls the entire endeavor and 
responds with appropriate steering means [3].  
  
In contrast, agile product development (APD) such as 
Scrum, eXtreme Programming or Kanban follows values rather 
than explicit rules or stiff processes. Close team collaboration 
on a daily basis as well as extensive customer integration to the 
processes are of highest importance. Since the project team is 
self-organized and does not have any centralized power 
authority, agile teams communicate mainly decentralized and 
primarily informal. While TPD delivers what has been formally 
agreed upon in contracts with stakeholders, APD tries to 
identify the best solution possible to satisfy user needs. For that, 
agile approaches typically build prototypes in short iterations 
and gather user feedback by presenting working product 
increments instead of technical documents. Creating user value 
is one of the major drivers of APD [3]. 
3. Hyperconnectivity 
The literature shows that many authors use the term 
‘hyperconnectivity’ in a variety of different fields without 
clearly defining the boundaries of its meaning. On the other 
hand, in the fields of engineering and business management 
Quan-Haase and Wellman studied the term in the last two 
decades. However, their definition of connectivity relates 
mainly to those technologies that improve "the availability of 
people for communication anywhere and anytime"[4]. 
Although it is a proper concept, it may be not exhaustive for the 
purpose of this research since all the interactions that happen in 
a product development processes are not only among human 
beings (human - human relations).  
For instance, hyperconnectivity should encompass even 
those relations between human and data (human - machine 
relations), especially when not only the teams, but also the 
gathered pieces of information are dispersed. In order to 
improve these relations, some of the biggest and most complex 
companies in the world have started using high-tech meeting 
rooms. In these rooms, streams of structured data are funneled 
on all the walls around the people participating in the meeting 
in order to improve the quality of the discussion and sustain 
decision-making processes with more interactive and 
immediate pieces of information (e.g. Business Sphere [5]). 
Even the relations among different types of data (machine - 
machine relations) improve with the technologies that have 
grown in recent years, although the potential risk is an increase 
of complexity. In some cases, companies have developed 
complex software that are able to automatically generate 
potential variants to the current products by means of stored 
knowledge. Moreover, the pattern recognition and machine 
learning techniques led the generation of complex software that 
are able to generate solutions to complex questions through the 
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use of huge amounts of data pooled from many different 
sources (e.g.: IBM, Watson Analytics). 
For these reasons, this research will include not only the 
technologies that improve the availability of people for 
communication, but also the ones that enable a better 
‘connectivity of the data’. 
3.1. Technologies for a hyperconnected world 
Many technologies are relevant for supporting 
hyperconnectivity in companies, but some of them are more 
important. According to a research by Luftman and Derksen [6] 
on 2,650 IT executives belonging to 579 organizations, the five 
most relevant technologies for the 2016 are: 
1. "Business Intelligence (BI) is neither a product nor a system. 
It is an architecture and a collection of integrated operational 
as well as decision-support applications and databases that 
provide the business community easy access to business 
data." [7] 
2. "ERP (enterprise resource planning) is a framework for 
organizing, defining, and standardizing the business 
processes necessary to effectively plan and control an 
organization so the organization can use its internal 
knowledge to seek external advantage" [8]. 
3. Applications and Software development, usually referred as 
In-house software development, are software that companies 
decide to develop internally in order to support the main 
activities of the company. Opposite to customized software 
are "off-the-shelf software", "Software-as-a- Service 
(SaaS)", and "Cloud Computing". 
4. "Cloud Computing refers to both the applications delivered 
as services over the Internet and the hardware and systems 
software in the datacenters that provide those services. The 
services themselves have long been referred to as Software 
as a Service (SaaS). The datacenter hardware and software 
is what we will call a Cloud." [9] 
5. "Customer Relationship Management is essentially a two-
stage concept. The task of the first stage is to master the 
basics of building customer focus. […] Companies in the 
second stage […] do not rest on their laurels but push their 
development of customer orientation by integrating CRM 
across the entire customer experience chain, by leveraging 
technology to achieve real-time customer management, and 
by constantly innovating their value proposition to 
customers." [10] 
4.  SWOT analysis 
The SWOT analysis is a strategical planning tool that 
traditionally depicts the positive and negative aspects that 
describe the present and the future strategy of a company. It is 
usually applicable to organizations, teams or even individuals 
that may have to make a decision in order to pursue a specific 
objective.  
Originally, Albert S. Humphrey developed the underpinning 
idea in 1970, even though he initially used a slightly difference 
name for the SWOT analysis: "What is good in the present is 
Satisfactory, good in the future is an Opportunity; bad in the 
present is a Fault, and bad in the future is a Threat. Hence S-O-
F-T. This was later changed to SWOT" [11]. 
Even though this is true, the SWOT analysis grew and 
improved mostly due to the efforts of the harvardian studies and 
researches as stated in a research by [12]. "It could be claimed 
that strategic planning in general and the SWOT analysis in 
particular, have their mutual origins in the work of business 
policy academics at Harvard Business School and other 
American business schools from the 1960s onwards. The work 
of Kenneth Andrews [K. R. Andrews, The Concept of 
Corporate Strategy, Irwin, Homewood, 1971 & 1980] has been 
especially influential in popularizing the idea that good strategy 
means ensuring a fit between the external situation a firm faces 
and its own internal qualities or characteristics" [12].  
As previously mentioned, this research aims to apply the 
SWOT analysis to the TPD and APD processes in two 
scenarios; in the first one (t0), the paper assumes that a 
company employs little or no technological tools that improve 
hyperconnectivity, while, in the second one (t1´), those 
technologies widely support product development processes, 
among other activities. 
5. Analysis 
Previous chapter introducing TPD and APD already 
revealed many strengths and weaknesses. Building on that, 
subsequent paragraphs derive further strengths, weaknesses, 
opportunities and threats of pursuing TPD or APD (Fig. 3, 4). 
Traditional approaches of product development are usually 
quite rigid and they support low degrees of flexibility in order 
to be as efficient as possible. Even though the TPD models 
support complex and multidisciplinary projects, they usually 
generate huge amount of data that are hard to integrate or even 
to manage in case they are too abundant. This may create risks 
of inefficiency, if companies lack the adequate data analysis 
and management tools. The efficiency usually manages to 
create satisfied customers, since it usually means a reduction in 
the average price of a product, while the growing expertise and 
knowledge creates a better understanding on how to lead 
incremental improvement to the existing products. Although, a 
very structured traditional procedure hardly adapts to 
disruptions and coordination requires many efforts if the teams 
are complex or the people working on the same projects are 
dispersed. 
 As agile methods are very light-weighted and come along 
with a high degree of process flexibility, they support the ability 
to survive in dynamic environments. Furthermore, they attract 
highly skilled people as agility provides self-organization by 
granting freedom of action and decision for every team 
member. Business experience has shown that agile projects 
completed on average much earlier compared to traditional 
approaches [13]. Since agility favors high quality over low 
costs, customer loyalty increases.  
Though agile development seems beneficial, it might not 
always be applicable due to its unconsolidated state [14]. 
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Fig. 3. TPD – SWOT analysis. 
 
 
Fig. 4. APD – SWOT analysis. 
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In practice, it misses organizational support especially in 
traditionally run companies, broadly neglects non-software 
industries and does not support large or dispersed teams to 
name just a few issues [14]. If the product development team is 
dispersed, effective and efficient communication becomes a 
relevant challenge as agility relies heavily on close cooperation 
and shared understanding that is achieved much better by 
talking instead of sharing written documents [15]. Since there 
is no central authority that coordinates and directs necessary 
information within the project team, dispersed teams also risk 
to lack needed data due to the decentralized character. 
Environmental conditions refer to opportunities and threats. 
On the one hand, customers favoring high quality or low price, 
the emergent of a dominant design if it is the own design, the 
existence of external product knowledge as well as changing 
circumstances imply potential opportunities. On the other hand, 
customers might not be willing to participate directly in product 
development activities, they want products to be on the market 
quickly, but simultaneously they are usually not able explicitly 
express product specifications or requirements. Moreover, 
while there are many data available externally, it is difficult to 
find appropriate information since they are unstructured and 
dispersed, and have heterogeneous quality. These symbolize 
threats that can potentially harm the company. 
5.1. Business Intelligence (BI) 
Implementing a BI architecture and related tools in a 
company usually takes a relevant effort, but many are the gains 
coming from such a decision. In the same way, both TPD and 
APD processes improve through the implementation of 
Business Intelligence tools, since they can gather dispersed 
data, structures and analysis it while reducing its complexity. 
On the one hand, the data becomes more structured and 
centralized, while, on the other hand, multidimensional analysis 
and data mining activities improve the understanding of 
complex and multidisciplinary data without losing pieces of 
information. 
At the beginning of every product development process, the 
gathering and analysis of user requirements may result as a 
complex and lengthy process, but, through BI, it is possible to 
reduce the inefficiencies and costs of the iterations. 
Consequently, product development processes can create more 
and faster iterations, even for different purposes (e.g. proof of 
technical feasibility). The integration of different data 
management tools reduces the complexity of handling 
information while preventing loss of relevant knowledge, 
supports better forecasting while reducing inefficiencies such 
as the re-generation of existing data. 
While the advantages described so far are common in the 
implementation of BI architectures in TPD and APD processes, 
there are some differences. In both cases, there is a balance 
between a ‘value and user orientation’ and a ‘process efficiency 
orientation’, APD strives for the first objective while TPD 
usually considers the second objective more relevant. 
Moreover, the data centralization does not necessarily mean 
that there is a specific team dedicated to its analysis: In agile 
environments, every team member should have the possibility 
to conduct business intelligence activities on their own. 
5.2. Enterprise Resource Planning (ERP) 
The presence of ERP solutions in a company usually 
improves the coordination of activities, clarifies 
responsibilities, supports large or dispersed team, improves 
iterations and gives the possibility to every member that 
belongs to a team or organization to understand how they 
contribute to the whole project they are working on.  
Standard templates support the activities of long term 
planning, since the dependencies on specific suppliers and the 
availability of specific internal skills, materials or machines 
become clearer and constantly tracked. Even the allocation of 
human resources becomes easier because ERPs reduce the risks 
connected to the staffing problems and choosing the ‘right 
person for the right job’ may be possible without knowing 
internal candidates personally.  
Moreover, resource planning optimizes the communication 
between agile teams and surrounding organizations by 
improving planning and coordination (e.g. sharing machinery 
for prototype building) and, in case of large projects, may even 
support scrum-of-scrum-like constructs to keep track of tasks 
and states. On the other hand, an ERP can ease the clarification 
and improvement of iterations in TPD since if a process can be 
standardized it becomes easily traceable and reproducible. 
Finally, the availability of more data makes the initial 
decision-making processes less incline to face disruptions 
during the other product development phases and alternative 
paths may be clarified in the planning phase at the beginning of 
a new project. 
5.3. Application and Software Development 
In a TPD processes the in-house application and software 
development mainly helps the development teams to gather 
information and to adapt the processes by tailoring them to 
company specific requirements. While these considerations are 
right even for APD, agile environments usually need to build 
customized digital burn down charts that fits the specific needs 
of a company. This choice supports the coordination of 
dispersed teams, improves the efficiency of project monitoring 
and controlling through automated calculations. Sometimes it 
is even possible to develop applications that lead to an 
automated testing of products in virtual environments and, for 
this reason; automated testing might be also possible in 
mechatronic products. This reduces testing costs and leads to 
more possible iterations. 
5.4. Cloud Computing 
The use of cloud computing solutions has rapidly grown in 
the last decade since its solutions are usually easy to implement 
and relatively cost efficient, while the value that these types of 
software bring to the companies are always quite high. 
Moreover, they usually do not generate conflicts with other 
systems.  
In the field of product development, cloud solutions reduce 
the complexity of data integration, since it both makes data 
sharing easier and improves its accessibility. As previously 
mentioned, the centralization of the data storage in a single 
67 Fausto Guaragni et al. /  Procedia CIRP  52 ( 2016 )  62 – 67 
virtual solution supports the coordination and the efficiency of 
dispersed teams and employees are able to access it not only at 
the workplace but in any place that have a secure internet 
connection. 
5.5. Customer Relationship Management (CRM) 
In product development processes, understanding the 
customer needs is obviously always one of the top priorities and 
direct relationship with customers must be handled with the 
highest care in order to build long-term relationships. CRM 
tools are mainly used with the aim of gathering data that the 
customers provide in direct or indirect ways. These pieces of 
information lead to the generation of product requirements that 
are the starting point of product development processes. 
Consequently, these tools efficiently support the participation 
of the customer to the generation of successful products. In 
TPD, CRM tools enable customer participation especially at the 
beginning and at the end of the development processes, greatly 
improves the understanding of the trends and the generation of 
adequate product variations. On the other hand, in an agile 
contexts customer participation become more efficient through 
the entire APD projects. Finally, CRM activities support 
predictive modeling and acquires data related to the entire 
product life-cycle management. 
6. Conclusions and limitations 
To answer the research question, hyperconnectivity 
improves many weaknesses from a strategical point of view. 
TPD, on the one hand, profits particularly from complexity 
reduction and clearer information (e.g. more specific role 
descriptions by ERP). APD, on the other hand, especially 
benefits from custom-built applications that adapt agile 
methods to specific project needs (e.g. additional key factors to 
measure project progress) and foster automated testing not only 
in software development, but also in mechatronic system 
development. Furthermore, CRM provides structure and 
consistence to customer integration, which is worthwhile in 
both TPD and APD.   
However, as depicted in Fig. 3 and Fig. 4, TPD gains much 
more from hyperconnecting information technology than APD. 
This is probably due to their natures. While agile methods per 
se contain a high degree of connectedness especially when it 
comes to human-to-human relationships, traditional approaches 
mainly strive towards perfectly structured and distributed 
information that advanced application of information 
technology improves.   
Due to globalization, the world has become extensively 
connected (human-human, human-machine, machine-
machine). The results show that more connectivity can turn 
some weaknesses of product development practices into 
strengths. Thus, hyperconnectivity is both the pain and the 
medicine referring to the cause and the solution. Consequently, 
the application of more or additional information technologies 
brings also new threats. If the integration is indeed beneficial, 
hence, depends heavily on project and company specific 
circumstances. However, if companies neglect current 
weaknesses, they might remain weaknesses and can make the 
company vulnerable as soon as competitors learn to handle 
them better or exploit them to gain market shares.  
Except of the paper's hypothetical character the results is 
limited by a relatively narrow market condition (see Fig. 2). For 
simplicity reasons the analysis disregards aspects of integrated 
product development as well as threats of not employing 
hyperconnectivity, if competitors do. Moreover, the paper 
assumes that the particular company perceives product 
development as strategic, otherwise SWOT analysis would not 
be relevant (e.g. service provider). Future research, thus, should 
validate these hypothetical results and conduct specific case 
studies to gain more insights. 
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